
Impact of Wide-band Co-channel Interterence on the Accuracy of Hyperbolic Location

(A35)

where a:. a:;. and P,y are elements of the Q (A18).
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'DIE ECONOMICS OF C().CIIANNEL SEPARAll0N
FOR WIDEBAND PULSE RANGING
LOCAll0N MONITORING SYSTEMS

I. BACKGROUND

Teletrae has requested that 1974 interim rules governing Automatic Vehicle

Monitoring (AVM) systems operating in the 904-912 Mhz and 918-926 portions of the

ISM band be modified and made permanent. In the interim rules, two wideband

pulse-ranging AVM systems were given distinct 8 MHz frequency bands on a secondary

basis to Federal Government Radiolocation Fixed and Mobile Senices and Industrial,

Scientific, and Medical (ISM) users. Secondary to AVM licensees in these bands are

Part 15 and amateur radio users. The interim rules also provide for open entry for

narrowband systems in the 903-904 and 926-927 MHz bands on a developmental basis

and in other bands below 512 MHz. In recent years, narrowband AVM systems have

been licensed in the 904-912 and 918-926 MHz bands.

In its Notice of Proposed RulemalciAl1, the Federal Communications

Commission (FCC) outlined proposed permanent rules for the provision of radio-based

location and monitoring services (LMS). The proposed rules expand (i) the nature of

the service to include the location of objects and persons and (ii) eligibility for use

of LMS to individuals, and (iii) eligibility to provide the service to include private

1

carriers. The NOPR distinguishes between wideband pulse-ranging (WBPR)

I NQPR, PR Docket No. 93-61, released April 9, 1993.

-1-
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multilateration systems and various types of narrowband systems and condudes that it

is not reasonable or cost-effective for narrowband systems to share spectrum with

wideband systems (! 14). Accordingly, the NOrR. proposes that narrowband systems

be required to move into the 902·904, 912-918, and 926-928 MHz bands, leaving two

8 MHz bands (904-912 and 918-926) to be used exdusively by WBPR LMS providers.2

Narrowband LMS systems would be licensed on a non-exclusive basis with (i) no co

channel mileage separation requirements, (ii) coordination to! be provided by the

licensees and (iii) no restrictions on the number of such licenses (NOm ! 25). The

NOPB seeks comment (! 22) on whether it is feastble for WBPRLMS systems to be

licensed on a non-exclusive basis with no co-channel mileage separation requirements,

though if spectrum sharing is not immediately feasible for these systems, current (or

the first two applicants) licensees could be protected for five years.

Two controversial elements of the Teletrae proposal have important economic

and public policy implications: (i) co-channel separation to minimize interference

between different AVM systems and (ii) continuation of the assignment of 8 MHz to

each system. To determine whether public policy is best served by open entty in the

provision of WBPR LMS systems or by dividing the 8 MHz bands among additional

competitors, it is important to compare the benefits of permitting and/or achieving

entry by additional competitors with the costs of providing LMS services to customers

in that environment. While one might expect some benefits from additional

competition, it is not dear that an institutional arrangement that could lead to more

, 18 of the JmEa propoICS that -oaly pulle-r...a. LMS I)'ItClllll haWta a baDdwidth of at least
two mcplaertz be Iic:cascd iD the 904-912 ud 918-926 MHz baads.-

1
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U. BENEFITS OF COMPEtn'.ON

The NOPR thus perceives the benefits from having additional competitors

in the LMS market to be lower prices for customers, more efficient use of the

spectrum, and a faster rate of teclmical progress. Although competition can be

expected to produce such benefits in most markets, it is unlikely that these desirable

benefits can be achieved by operating the LMS markets on a shared basis.

A. OMdoD.' No ......... Be,,' .. _ Np rI1t <JI· lite NwIw or
Cmgpetlton to IpcnaIC,

Co-channel separation for WBPR LMS systems in the 900 MHz band will

necessarily limit the number of such systems in any geographic area to two. Operating

on a non-exclusive basis, on the other band, would permit-but not guarantee-operation
•

by more than two firms. Entry into these markets is voluntary, so it is reasonable to

ask if the freedom for additional firms to enter each market is likely to result in a

larger number of firms in each market

1. FIXed Costs

In economic theory, the equilibrium number of firms in a market aenerally

depends on the relationship between the minimum efficient scale of operation and the

size of the market.s We.discuss below two important sources of fixed costs in a

WBPR LMS service: (i) the ordinary fixed costs of research and development and of

transmission equipment and antennae sites, and (ii) the costs (measured in terms of

Spoor eumple, if CCOMIDics of sc:aIe are importaDt • __ of output of about W or a quarter
of the market, thea it will be difticult for the IIW'ket to IIIpPOIt more tIuIIl ODe or t'M) finu.

l
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lost capacity) of synchronizing and calibrating the system. In addition, the capacity of

two WBPR LMS providers sharing a Jiven amount of spectrum is much smaller than

that of a single firm usiDg all the capacity. Thus rules which permit more firms to

participate in a geographic market but which also increase the proportion of fixed costs

that each firm must bear will not necessarily enCOUl'lle more firms to enter the

market or to reduce the market price.

2. UaeertaiDty

A second impediment to the voluntary entry of firms into WBPR LMS

markets is the uncertainty associated with usiDg spectrum on a shared basis. Lack of

co-channel separation inherently increases the uncertainty facing potential entrants

because sharing spectrum means that no entrant can predict with any certainty what

the effective capacity of the system it builds will be. We show below in Table 1 that

if spectrum is shared among four competitors rather than two, the effective capacity

of each firm is reduced to about 37 percent of 'its origiDal capacity; if eiPt firms

declare an intention to enter, an incumbent's capacity falls to about 6 percent of its

original level. Thus even if the expected level of costs and demand were such that

the marginal entrant would find it profitable to enter (on an expected value basis), the

fact that the number of firms sharing a given allocation of spectrum is unknown means

that it would be less likely' that a prudent firm would choose to enter the market.

In addition, in a shared spectrum environment, potential WBPR LMS

investors face uncertainty regarding the mechanism and rules that govern sharing in the

market now and in the future. Sharing spectrum by means of co-channel separation-
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which minimizes the amount of coordination required among the competitors-subjects

the firm to less uncertainty than other forms of sharing, particularly those that require

rivals to cooperate and those that have not been tested in the field under commercial

conditions.

3. SulIk eostI 01~ aad cIe•.,._

CoIl1pO\JDdiDa this problem is the fact that significant costs must be expended

in the form of research and development or in licensing tedmology before a WBPR

LMS firm can enter any geographic market These costs are likely to be SUDk: that

is, the firm would be unable to recoup them if it subsequently left the market Of

course, a potential entrant must expect to be able to cover both its variable and fixed

costs before it would voluntarily enter a market. Thus the fact that its cost per unit

of capacity would be ulterly unknown to it in a spectrum-shariD environment makes

it unlikely that spectrum sharing would lead to a larger number of firms in the market.

Note that this effect is particularly important for WBPR LMS systems

because the mal per unit of capacity for these systems in a· shared enviromnent

depends on the number of competitors that declare an interest in being accommodated

in the market, not the number of successful or active competitors. Suppose the city

of Spokane were to be served by LMS suppliers on a shared basis. If five firms

declared an intention to compete in Spokane, each firm would be limited to one-fifth

the available bandwidth or one-fifth of the available time, regardless of the number

of customers each finn serves. Hence a potential investor would have to be able to

forecast the number of firms that would apply to serve Spokane in order to know the
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unit cost of capacity (and the likely profitability) of the system that the investment in

research and development would make possible.

B. Egepdl., '¥ Ne_ Of OWW"tIn Pre Not Nw.* ....£' Pric;e

Economic intuition sometimes SUIIe5ts that the larger the number of

independent firms supplying a service, the more competitive the market for that service

will be. And as a consequence of such competition, price would be lower, service

quality higher, and other economic characteristics of the market would be closer to

those expected under conditions of effective competition. Several mechanisms have

been suggested by which the greater number of competiDg firms traDSlates into lower

prices. First, the ability of each firm to affect market price is smaller the larpr the

number of (equal sized) firms in the market. If one duopolist reduces its output to
,

raise the market price, the effect would be twice as strong as if one of four

competitors reduced its output for the same purpose. Second, firms are sometimes

thought to coordinate pricing and marketing decisions - implicitly or explicitly - and

such coordination is simpler and more efficient the fewer the number of participants.

It is easy to detect and punish cheating in a cartel of two or three firms; the problem

is much more difficult in a cartel of ten. Many different models of oligopoly behavior

exhibit this characteristic that the market price moves towards tbe competitive price

as the number of competitors increases.6

6.rbis iDt1Iitioa caD be ..... more precise. In _pic Coumot ecuaomic IDOddI of oIiIDPoIY, aD
iDcreue iD the Dumber of finDs ill the market (aU ......>JeadI to a lower oquiJibriam price (ace,
e.g., J. T"1I'OIe, TIre 7MoIy of INlIutritIl~, Culbridp: one MIT Prell, (1988), cIIaptcr 5).
Indeed, if clemaDd is a liaear fuDctioo of price aDd total COlt is simply proportiooaI to output, the market
price is gMa by
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In these models-and in the real world-these advantaps from having

additional participants in the market are quite sensitive to a number of assumptions.

L Market ....... II nIatheIy eIutk

The perc:entqe reduction in market price from the presence of an additional

firm depends on the market price elasticity of demand, which is defined as the

percentage change in quantity elicited by a given percentage change in price. If

demand is quite elastic. then the presence of an additional competitor has little effect

on the market price because an increase in the quantity offered to the market bas

little effect on the equilibrium market price.7 In Figure 1, market demand auve A

p. 1 x[4I+ac]
a + 1

where II is the market price at wIaicb dcmncl is dma to 0, c is the "GN*Mt COlt,
aDd II is the .... of .... ill the market. As tile _her of linDa lIeCCl.ca 10 tIIIt 110 .. bu
any effect OD tile ..at price. IUfket price wit WIG ill CGIIIpIdIhe level, e.-..a,.. cd to be tile
ronstat marPaa1111d .... COlt of procluctDl), 10 dill • awnp .. willlIOt apIICt to ....
in excess of its COlt of capbl. U II cquak 1, tile -at price equals tile IDODOpOiIfs proIt .
price (ICC, c.g., D.W. CarItoa aDd JM. Perloff, AI,.,. 1IuIIIIIriIIl Ofp , New York: :a.per CoIiu,
(1990), p. 305). WlaiJe 1M IiIeral USUlllpIioM of tile Cour8Ot model quite rtlIIrictM, tile o.aot
outcomc bas bccIl ren..... ill the Iiteralwe U ..... to a IDOR raIiIdc: IaOCIeI ill firm
dctcrmiDc their V_cd c:apIKity in the fint ItIF ad dIea, in a IfXX*1 ...~ by price
gMn that fixI:d c:apKity (tee, e.g., D. KrepI ad J. SdIeiMm., -Oulity~ Bcrtr_
Compctitioa Y'1CId Counat Outcomcs,. Ullt1lllUl tI/ &:t1nDmia Vol 14 (1983), pp. 3'2J6.337). Sach a
model captures aae iaaportaDt dwae:tcristia of W8PR LMS ccapclilm ad aIbodiN tile ilIItaidwdy
pII_blc idea that wbea there arc .ore UIlCOOr'dinllcd oompetiton, rurbt forcea will work bcaer to drive
prica-uscI praumlbly otIIer outcomcs of c:-.petitD-lowank tile cIeainbIc leU daIIt would 0CCI8' UDder
opeD eatry uscI dIedive .,..petitioD. Other modell of oIisoPoIY wIIida specify ..... mMtioN of
competitors to .....' .. ia prices or quantitia aIIO tIIi& cbanderiIIic that the -.kct price CCJBfttIpI
to the compeUtM price as the Dumber of competitors cs Iarp. For exaaple, the StackIebaJ model
of price 1cacIcnhip UIIIIIICI that .. dominant finD seta iU profit-maxim" price UDder tile M ••• that
a &iDge of ..... CC8peti1ors wiD take the daminant finD's price U ... ucl ...... dIeir..... III
the StackIeberg model, as the number of friDge firms becomes Iarp, the market price falls to the
competitive~ of marsiDa1 cost.

7A DeW CIIb'aIIt IIIifta the market auppJy cune outward, i.e., It any an- price, IIIOI'e output is
offcrecl to the 1lUll'ket. TIle market price is deter . lid by the iDtcnedioD of the _ket .... ..
supply c:urYeI. U tile __ clem.. CUI'¥e is 8IOI'e .. (like A ill F'JIIR 1), the~ in price
uaociatcd with the sIIift in the supply cune is ...... (DIt. P(A» tbaa the chanp in price that would
occur if the market clem.. were the less eJastic cune B.
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little effect on the equilibrium market

price.' In Fipre 1, market demand

curve A is everywhere more elastic than

demand curve B. A new entrant shifts

the market supply curve outward from

Supply 1 to Supply 2. The increase in

quantity elicits a smaller change in

market price for demand curve A (Ddta

P(A» than for the less elastic demand

curve B (Delta P(B».

Fipre 1
Men EIutie "aM Leads to ".Her
PrIce Redudlou From AddItloul Eatty

_.

Under what circumstances can we expect the market .demand for LMS

services to be relatively price-elastic? The principle determinant of the market price

elasticity of demand is the existence of products or services which substitute for some

or all of the functions supplied by the service in question. Some LMS functions are

already provided by similar services using different technology and different parts of

the radio spectrum, as recognized by the Commission in its original 1974 Report and

Order and again in the recent NOPR:

"...there are a variety of different methods of locating vehicles
including proximity sensing, mulitlateration and dead reckoning to
serve the differing needs of users (NOPR , 4).

'A new eatraIIt IIIifts tile market supply curve outWard, i.e., It aay sMa price, more oatpat is
offered to tile market. T1ae..et price is dcta hid by the iDtenectioa of the JDarket dan_ _
supply CUI"WlI. If the IUIbt cIemaad CUI'\'C is aaorc .. (lite A ill FtpI'e I), the .. ill price
aaociated with the aIIift ill the supply c:une is P'hr (Del P(A) lila the daIDp ill price that would
occur if the market cIem_ were the less elastic c:urve B.
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For example, LoJack provides a stolen vehicle recovery service that uses direction

finding equipment in police cars to track sipak emitted by hidden transmitters in

stolen vehicles served by the LoJack system. The technology is very different from

that of Teletrae and LoJack does not use spectrum in the 900 MHz band.

Nonetheless, from the perspective of a customer, LoJack and Teletrae both provide

stolen vehicle location services.

In addition, other tec:hnoloaies can be used to provide particular LMS

services in particular situations. In leograpbic areas baviDg a clear view to the sky,

satellite-based location systems such as the Global Positioning System, Private Satellite

and Low Earth Orbit Satellites can provide very accurate tracking of moving objects

including corporate fleets of vehicles over a wide area.8 Cellular mobile telephone

and PCS systems can supply some of the safety and ancillary communications features

provided by some LMS offerings. Teletrae's WBPR LMS technology may have some

cost and quality advantages over competitors for some services, but the presence of

these competitors, using different technology and different parts of the spectrum'

means that customers have a choice of suppliers for these services regardless of the

number of firms that eventually produce WBPR LMS services in the LMS banei.

8mdeed, sudl .,... lIMe been PaiIIbIe ill tIae matet for It IcaIt I year. Trimble NMfpdoa
Limited his oft'aecI I GPS-bMed trackia& dilptidlill. .. deMry __ c:aIIad PlletV"- ill LoI
Aaaelcs since April 1992 that dupJic:atcs lIWly of the features of TeIetrae's fleet IDOIIiloriJa& __.

'The WEB ,..... dial the freq-.cy t.-d 24»2A83.S MHz "is ..... for UfI'OWobad
[LMSJ systems ud IUDJ lie already cJesipr4 to tile dial bud" (I 18). Similarly, I 'Z1 poiIIIa out dill
spectrum below 512 MHz is M'IliIabIe for LMS...... PiBaDy, tIae !Wjm of ............. ill
the PCS docket propoICS to lIlocate the 1910-1930 MHz bud to uaJicleased PCS opentioD.
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than the model would predict. Moreover, it is more difficult to coordinate (i) four

firms sharing spectrum in a geographic market compared with three and (ii) firms

using different teeJmoloIies providing different semces. As long as coordination is

required to share spectrum in a given geopaphic market, it is nnJitely that the full

benefit of vigorous price or product competition would emerge from the presence of

additional competitors. Other oligopoly models (e.g., the contestable markets model),

rely on open enDy and the absence of entry barriers to drive market price down to

its competitive level. If the technology for time-domain or frequency-domain sharing

requires coordination among a known number of firms, then at any point in time,

entry of additional firms is precluded. For example, if a system is eJJlineered to

coordinate sharing among five firms in Spobne, the behavior of those firms is not

directly constrained by, the threat of entry because the system would have to be

redesigned to accommodate a sixth competitor. In such circumstances, the threat of

potential competition provides little control over the level of the market price.ll

3. Fixed costs ud aacertaiBty

Marginal costs in these models are generally assumed to be approximately

constant with respect to output for each participant in the market. The equilibrium

number of firms in the market is determined by the level of fixed costs, and these

models assume that each fum's fixed and variable costs do not depend on the total

number of firms in the market. To apply the results of these models to WBPR LMS

llNote that die Coumot model is quite~ reprdiaa tbc relaricwhip betwecD die IIIIIDbcr
of c:ompCtilon aDd tbc IUI'ket price. In Bcrtnad ~petitiaa, two COIIIpetiton are lAdIicieat to cAme price
to the competitWe~ aDd ill a perfectly C'OIIteItIbie market, oaIy ODe COIIIpctitor is rcquirecl.



,
i

• 13 •

systems, the cost of coordiDating spectrum sbariDg and the dependence of unit capacity

costs on the number of competitors would have to be small. Costs of uncertainty are

ignored in these models. in particular, the uncertainty in WBPR LMS systems in a

shared environment associated with having to accommodate an unknown number of

firms in the market or having to modify a system or a sbariDg arrangement whenever

an additional entrant appears on the scene.

4. Summery

Economic analysis does DQ1 imply that the market price would be lower in

a WBPR LMS geographic market having four suppliers rather than two. There cannot

be much additional price reduction that could be achieved, since the LMS merket

demand curve is relatively elastic, because there are many substitutes for these services.

The reduction in the' ability to collude that might stem from having additional

competitors is mitigated by the additional coordination that would be necessary to

implement time or frequency sharing for these services, assuming that such coordination

were even feasible. Finally, there are substantial increases in averaae cost associated

with spectrum sharing for these services. Thus even if price were driven towards cost

by the additional competition, because entry raises every firms' unit capacity costs, price

would not necessarily fall from its current level.

C. EIlU'Dd',. tile NI_her of Cola...... WIll Not Rcag1t Ip MArc I.ftIp:Int
Sgec;trgm IJR.

Providing WBPR LMS services in the manner which most efficiently uses the

scarce resource of spectrum is one in which the greatest number of subscribers can be
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SClVed in a market for a given allocation of bandwidth. It is sometimes thought that

competition can increase spectrum efficiency in several ways.

1. Expo•• of ...... "a.d

Competition is thought to have two distinct effects on the level of market

demand. To the extent that the presence of more competitors lowers the market

price, more customers will find it attradive to subscribe to the service. Alternatively,

the presence of robust competition could lead to advertisi:D& improvements in quality,

and the development of new services, all of which would increase the amount of the

selVice demanded at any given price. That is, output could increase by IDOY'iD& down

the market demand curve or by shifting the market demand curve outward

As shown in the previous section, the presence of more competitors in each

LMS market will not 'necessarily reduce the market price by .a sipificant amount

Thus the market stimulation derived from a reduction in price caused by additional

competitors in each LMS market may not be significant Other firms produce

substitutes for functions of LMS services, so expansion in demand will depend on the

competition among different selVices and technologies rather than simply among the

8 -MHz WBPR LMS selVices produced in the 904-912 or 918-926 MHz bands.

In addition, even if provision is made to accommodate more competitors in

the 904-912 or 918-926 MHz bands, the increase in the number of competitors does

not necessarily lead to an expansion of the market As we discuss below in Section

ill, as more firms share a fixed amount of frequency, the total number of customers

that can be SClVed by all firms together falls. Hence while more robust competition
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can' lead to an expansion of demand, achieving robust LMS competition through an

increase in the number of competitors can lead to a contraction in the amount of

sel'Yice, in total, that can be supplied.

Finally, the presence of fixed COI1S-eitber capital equipment (towers and

antennae) or bandwidth that must be used for synchronization and cahbration-means

that a larger market achieved by increasi"B the number of competitors will not-in

general-lead to a more efficient use of the spec:trum. The presence of four

competitors instead of two may lead to a market price reduction, an' associated

stimulation of demand, and an outward shift in demand due to additional marketing

or advertising, but the question for first-order (or teebnical efficiency) is whether or

not cost per subscriber is lower in the four firm scenario. We discuss below the

significant additional c;osts that sharing time or sharing frequency between two

competitors requires.

2. Static emdeDey: eouervatiOD of baDclwidtIl

It is sometimes argued that competition and sharing may force the firm to

recognize the opportunity cost of the spectrum it uses or controls, providing the firm

with appropriate financial incentives to develop and implement methods to serve more

customers with a given amount of bandwidth. Though multiple competitors sharing

frequency may lead to higher system costs, it might be thought that increased

competition would induce firms to operate their systems more efficiently and thus

overcome the additional cost burden that competition entails. Economic theory

provides no support for that position. At any point in time, each firm in a market
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bas nearly the same inc:entive to minimj~ cost regardless of the number of firms in

the market12 Every dollar that the monopolist em save by controlling costs increases

profit by a dollar, and a firm in a competitive market perceives precisely the same

tradeoff. Hence, given the technology, there is no reason to think that a monopolist

will have higher costs at any point in time than a firm in a competitive market

However, the technology is not neceuarily given; firms invest in research and

development to aeate new technology, and it may be the case that the structure of

the market and degree of competition affects the rate at which firms perform research

and development and invest in future cost reductions. However, again, the economics

literature provides little unambiguous support for this view. Beginning with the work

of Joseph Schumpeter, I economists have examined models JinJdng firm size, market

structure and the rate of technical innovation. In Schumpeter's view,

"the atomistic firm operating in a competitive market may be a
perfectly suitable vehicle for static resource allocation, but the
large firm operating in a concentrated market was the 'most
powerful engine of progress and ... long-run expansion of total
output' d3.

Driving this opinion was the recognition that firms required some expectation of <at

least) transient market power in order to have any incentive to invest in research and

12.rhe oaIy cIitfereaca iD iDccatiwa to m in;-;7t: COlts stem from the lower Ie¥cl of .......
produced by a moaopoJist ad tile smaJ1er (in absolute value) price eJastidly of demand that a -.opoUt
faces.

Uw.M. CoMa ... R.C. LeYiD, "EBapiricaJ Sfudiea of IaaowItDI ... Natet StnJcture,. iD R.
ScJunaJenace ud R. WiIIia (eda.), Hudbook pf ,...., f)rppjptjm Vol 2, New York: Norda-HoIIIIId,
(1989), p. 1060, c:itiDg J. Sdau8apeter, CWetiem $ria.. " pel Qraocre&y. New York: Ifm'per, (1942),
p.l06.
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development In addition, this view recopizes that research generates many

extemalities and that a monopoly market structure permits the investing firm to

appropriate a larger portion of the benefits of research than a more competitive

market structure.

Under different circumstances, other theoretical economic models generate

the opposite conclusion. Suppose a firm is deciding whether to undertake a particular

research project that will lower costs, and it believes that if it does not suecessfully

pursue the project, no other firm will. In this case. the firm will have a hilber

incentive to invest in such research if the market structure is competitive than if its

monopolized. because the higher output of the competitive market means that profits

from cost reduction will be larger.I"

The empirical literature in economics simuarly provides little support for the

view that an increase in the number of firms in a market necessarily increases the

amount of investment in research and development or the rate of tedmological

progress. The majority of studies (but by no means aU) concerniD& the relatioDship

between market concentration and R&D activity show a positive association,15 some

have shown a negative association,16 and some show the relationship to be an

l ..Sce KJ. Am:1tI, "BcoDC.ic: Welfare ud tile AIlocatioD of R.caourc:es for IImIot" • ill
UnMrsities-Natioui Bweau o-mittce for EcoDc.ic: Reaearc:b, 'I'M ~ IIItd DiIfICtion of~
Acti1lily, PriDcetoa: PriDcetoa UaMnity Preas, (1962).

15c.g., E. MensfieId,l~ Raetllda fIIUl T«:It1ttJlotIbJ INtOWllion: An~~, New
York: NortoD, 19C58, aad F.N. Scherer, "Market Struct-.c aDd tile Employmeat of Sc:ientiIts aadp~.
Amme.n &onomic Rniew, Vol 51, (1967), pp. S2A-S31.

16c.g., 0.£ WiJIja-1O'l, "IanoYatioa and Market Structure,· 10IIIffIll of Polidt:tJl Economy, Vol. 73,
(1965), pp. 67-73.
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"inverted U": i.e., research activity increases with market concentration up to a point

after which it decreases.l ? Additional empirical results sugest that a component of

the causal relationship between market structure and research intensity goes the other

way: that high rates of research and development leads to markets with higher

concentration.18 Some evidence suggests the reverse: if iImovation occurs

disproportionately among smaller firms in the industJy increased innovation will reduce

market concentration.19

Whether or not higher market concentration is associated with higher

research and development intensity, the empirical literature SUJPSt5 that the effect of

market structure is small. Market concentration contributes little to an explanation of

the variance of research and development across industries compared with demand

effects, research opportunity differences, and appropriability differences:

"...these results leave little support for the view that industrial
concentration is an independent, significant, and important
determinant of innovative behavior and performance.ll2O

Moreover, there is at least one difficulty in applying this body of economic

evidence to the WBPR LMS markets. The relationship between research intensity and

market structure is not even relevant to the public policy case at issue unless it follows

17C..., Sc:Mrcr, .. cjL RoC. Lew., WoM. Cobea, .. D.C. Mowry, "LtD AppropriIbiIity, o,pe.hiiiity,
aDd Mvket SIrudare: New EWdeacc 011 Some SdluatpeteriaD HypotMaea,·~ Eeonontk .....,
~, Vol. 7S (1985), pp. 20-24.

18c..., R.e. l.e¥iD ucl p.e. Reiss, "Testa of I SdHapetcriaa Model of UD ucl Market StnJcturc,.
in Z. Griliches (eeL), MD, P'*"lS, II1Id hoductivity, ChicIIo: UaMnity of auaao PreIs, (1984).

19Scc W.N. Cohen IIld R.C. Levin , gp, cit.. pp. 1075-1076.

.'1JJw.N. Cohen ucl R.C. Levin, gp. cit.. p. 1078.
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that issuing non-aclusive WBPR LMS licenses will necessarily result in lower market

concentration in a relevant economic market. There are many WBPR LMS markets

in the United States (not to mention abroad) and technical innovations in WBPR LMS

technology apply instantly and costlessly to every market Thus the number of WBPR

LMS service suppliers in lIlY uulle ...... merket has even Jess bearing on any

firm's incentive to innovate than it does in the economics literature which assumes all

firms that perform RetD compete in the same product market. Research and

development in telecommunications markets is not performed exdusively-or even

predominantly-by service providers. The concentration of different geographic WBPR

LMS service markets bas nothing to do with the supply of research and development

to those markets. Thus, the conclusion from economic theory and a generation of

empirical studies is that there is little theoretical or empirical evidence to sugest that

the presence of additional suppliers in· a WBPR LMS market will induce more rapid

technological change.

Finally, issuing DOn-exclusive licenses has othert effects on the incentive to

engage in research and development that operate through mechanisms other than

market structure. In particular, investment in research and development is always

fraught with uncertainty, but it is difficult to conceive of a more uncertain environment

than a WBPR LMS market··with non-exclusive licenses, mandatory sharing of spectrum,

and an uncertain number of competitors. In ordinary forms of competition, the level

of a finn's costs depends only upon m ability to control those costs, and while the


